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Summary
Aim: Evaluate the change of intima-media thickness of the carotid artery in patients suffering
from obstructive sleep apnea (OSAS).
Materials and methods: The participants of the study were divided into 2 groups: 27 patients
suffering from OSAS and a control group of 27 participants (mean age 56.1± 1.4 years), hav-
ing risk factors (RF) for cerebrovascular diseases (CVD) but not OSAS. The morphology of the
artery wall — the thickness of the intima media complex (IMT) of the common carotid arter-
ies (CCA), the presence of atherosclerotic plaques, their magnitude, echogenicity and stability
were determined with color-coded duplex sonography of the main arteries of the head.
Results: In the OSAS group, CCA-IMT was signiﬁcantly increased when compared with the non-
OSAS patients with RF for CVD, which correlated with the night hypoxemia level. Additionally,
the formation of plaques was more pronounced and carotid stenoses were more common in the
OSAS patients.
Discussion: These ﬁndings are in favor of an independent inﬂuence of obstructive sleep apnea
on carotid artery atherosclerosis.
© 2012 Elsevier GmbH.
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ome present studies show that OSAS is associated with a
igh risk of cardiovascular and cerebrovascular diseases,
ecause of the high frequency of the risk factors for
heir appearance [12,13,16]. Epidemiological data say that
atients with OSAS often are overweight and have arterial
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Open access under CC BY-NC-ND license.ypertension, they usually smoke and are involved in alco-
ol abuse [7]. Apneic episodes can induce cardiovascular,
emodynamic and hemorrhagic changes, which are poten-
ial promoters for stroke incidence in patients with RF for
VD [4,9]. Experimental studies show that the oxygen desat-
ration that accompanies the apneic episodes can lead to
enerative changes of the artery wall [2]. That fact presup-
oses a connection between OSAS and the progression of
he atherosclerotic cerebrovascular disease [10,11], whose
arly marker is the thickening of the intima media complex
f the carotid arteries [6,8].
Some studies show changes of the IMT in patients with
SAS [7]. Some of them ﬁnd a connection between the level
f the night hypoxemia, which is connected to the severity
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of OSAS, and the atherosclerotic changes of the cerebral
vessels [14,15].
The aim of this study was to measure the IMT of patients
with OSAS, which has been polysomnographically proven. We
wanted to compare their results to the IMT of patients with
risk factors for CVD, but having no OSAS.
Materials and methods
The patients with OSAS of this study were examined in
the center for sleep medicine and noninvasive ventilation,
part of the Clinic of Pneumology and Physiology in the
St. Marina University Hospital — Varna, using diagnostic
polysomnography. Before the examination all the patients
were interviewed for having sleep disorder related symp-
toms — snoring, short stops of breathing, daily sleepiness.
Their anthropometric characteristics and co-morbidity were
also described.
The diagnostic algorithm consisted of: questioning card
for patients with risk for stroke (consensus for primary pre-
vention of ischemic stroke, 2008), detailed somatic and
neurologic status, routine laboratory tests — serum glucose
—mmol/1, total cholesterol —mmol/1 (enzyme colorimetric
determination), triglyceride mmol/l (enzyme determina-
tion), HDL — mmol/1 (immune inhibition method), LDL —
mmol/1 (Friedewald formula). An electrocardiogram and
color-coded duplex sonography of the main arteries of the
head were performed for each patient.
The following RF for CVD were considered: non change-
able (age and sex) and some changeable — arterial
hypertension (AH), diabetes mellitus (DM), dyslipidemia
(DL), rhythmic and conductive heart disorders (RCD),
overweight. Patients with central or mixed sleep apnea,
who have survived myocardial infarction or a stroke, were
excluded from the study. For all the patients from the con-
trol group the systolic (SAP) and the diastolic (DAP) arterial
pressure were taken using the cuff method, while the usual
therapy was not stopped. The duration, the severity and
the medication of AH were mentioned additionally. The
antidiabetic and hypolipidemic drugs taken by the patients
were also mentioned.
On the day of the examination, we measured the height
(m), using a wall height meter, the body weight (kg) — with
calibrated scales — of every patient and we calculated the
body mass index (BMI) (kg/m2) using a standard formula.
Using the WHO criteria [1997], the patients were classi-
ﬁed according to their BMI in the following groups: normal
weight — BMI 18.5—24.9; overweight — BMI > 25; obese —
BMI > 30, extremely obese — BMI > 40 (obesity IV gravity by
Bray).
Sleep examination
The sleep analysis included overnight polysomnography,
which documented the sleep disturbances and severity of
the OSAS according standard criteria [1]. The investigation
was performed with MEPAL (MAP, Medizin — Technolo-
gie, Martinsried, Germany) monitoring system. According
to the known diagnostic standards, the minimal time
for examination was 6 h. For the documentation of the
sleep, we used standard 16—18 channel polysomnography,
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ncluding electroencephalogram (C3—A2, C4—A1, O1—A2,
2—A1), electro-oculograms, electromyograms (EMG) of the
eft/right extremity, electrocardiogram (ECG), heart rate,
asal and oral air ﬂow, thoracic and abdominal movements,
egistration of snoring, position of the body, pulseoxymetry-
onitored oxygen saturation (SaO2) and a polysomnography
ith video-watching. The sleep phases and arousals were
nalyzed in conformity with Rechtschaffen and Kales’ cri-
eria [14]. All the results were analyzed manually. The
reathing was registered by nasal cannulas and combined
espiratory inductive plethysmography, which uses com-
osed signal and a thermistor. Apneas and hypopneas were
valuated in accordance with the accepted international cri-
eria [1]. The apnea index (AI) was deﬁned as the number of
pneas per hour sleep while hypopnea index (HI) — the num-
er of hypopneas per 1 h sleep. The apnea/hypopnea index
AHI), combined the number of apnea and hypopnea per 1 h
leep. The index of desaturation was deﬁned as episodes of
2 desaturation >3% per hour sleep compared to a stable
asic value. The severity of the sleep apnea was graded as:
ild, with AHI 5—15 episodes of apnea and hypopnea per
our of sleep; moderate, with AHI 16—30 episodes of apnea
nd hypopnea per hour of sleep and severe, AHI more than
0 episodes of apnea and hypopnea per hour of sleep.
eurosonographic examination
he main arteries of the head were examined with color-
oded duplex sonography using a 7.5MHz transducer on
onix SP (Canada). Real time B-mode imaging was used to
easure the thickness of the intima media complex (IMT)
f the carotid arteries (mm) with a standard method, using
program for automatic value averaging [2,5,17,18]. The
ate of the stenosis was determined with the morphologic
ethod in longitudinal and transversal slice of the examin-
ng vessel. They were categorized as: no observable stenosis
1—24%), low grade stenosis (25—49%), moderate steno-
is (50—74%), high grade stenosis (75—99%) and thrombosis
100%) [3]. According to their structure the plaques were
etermined as homogeneous, heterogeneous, mixed and
alciﬁed. Their surfaces were evaluated as smooth (regu-
ar), rugged (irregular) or having cavities (more than 2mm
oncaves and ulcers). Clinically, the plaques were charac-
erized as stable (homogeneous, smooth and ﬁbrous cover)
nd non-stable (heterogeneous, with inner hemorrhages and
holesterol spots) [1].
esults
linical characteristic
he anthropometric, clinical and laboratory examinations of
he two groups of patients with OSAS and RF for CVD, and
ithout OSAS are shown in Table 1.
There was no signiﬁcant difference between the anthro-
ometric parameters and the accompanying cardiovascular
nd metabolic diseases of the two patient groups. The
atients were between 50 and 60 years of age, and all except
were overweight males. More than 66% of them suffered
rom arterial hypertension. In both groups there were more
162 S. Andonova et al.
Table 1 Clinical characteristics.
Parameters With OSAS (n = 27) Without OSAS (n = 27)
Age (years) 55.7± 1.4 (52—58) 56.1± 1.4 (53—59)
Men:women 26/1 26/1
BMI kgm−2 31.9± 0.6 (29—34) 29.3± 0.5 (28—33)
Arterial hypertension
% from all patients 69 60
SBP (mm Hg) 136± 4 (131—142) 132± 4 (127—138)
DBP (mm Hg) 81± 3 (78—84) 80± 2 (77—83)
treatment (%) 51 44
Cardiac disease (%) 19 23
Smoking (%) 37 60
Years 14.4± 3.9 (5.3—22.6) 17.0± 3.3 (10.2—26.6)
Diabetes mellitus (%) 20 37
HbA1c % 6.2± 0.2 (5.7—6.7) 6.1± 0.2 (5.7—6.4)
Treatment (%) 14 26
Hypercholesterolemia (%) 69 52
Total cholesterol (mmol/l) 5.27± 1.6 5.16± 1.06
LDL (mmol/1) 2.71± 0.3 2.60± 0.3
± 0.5
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SBP, systolic blood pressure; DBP, diastolic blood pressure.
mokers with dyslipidemia, the diabetics were more in the
roup with no OSAS.
According to the polysomnography analysis, the patients
ere informed of the disorder ﬁndings and the necessity
f starting training for ventilation with CPAP (Continuous
ositive Airway Pressure)/BiPAP (Bi-Level Positive Airway
ressure)/VPAP (Variable Positive Airway Pressure), so as
hey could continue with it at home. The mean AHI of the
SAS group was 60.8± 36.9 per hour sleep, which corre-
ponds to heavy sleep apnea, the mean oxygen saturation
aO2% was 88.8± 6.4, the minimum oxygen saturation —
4.9± 14.4 and the index of desaturation — 68.63± 32.61.eurosonographic examination
he frequency of the atherosclerotic plaques and the mean
alues of IMT of the common carotid arteries in patients
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Table 2 Sonographic parameters.
Parameters With OSAS
(n = 27)
IMT (mm) left CCA 1.04± 0.04 (0.93—1.13)
Right CCA 1.03± 0.04 (0.92—1.10)
Both CCA 1.04± 0.04 (0.93—1.12)
Plaques
Degree of stenosis
Patients
n
With OSAS
<29% 4
30—49% 8
50—74% 3
75—99% 1
Total number 59%1.56± 0.1
ith OSAS were signiﬁcantly higher compared to the control
roup (Table 2). There was a correlation between AHI and
MT: the thickening of the IMT in patients with OSAS corre-
ated with the higher AHI (r = +0.43, p < 0.05) (see Table 3).
iscussion
he study established the same frequency of RF for CVD in
oth groups, but a greater thickening of IMT of the com-
on carotid artery of the OSAS patients compared to the
ontrol group. In the OSAS patients, a signiﬁcant correla-
ion between the thickening of IMT of the common carotid
rtery and the severity of the apnea was observed, which
orresponded to other authors’ conclusions [3,14]. It has
een shown that the chronic intermittent hypoxemia is one
f the basic factors for atherosclerosis in patients with
Without OSAS
(n = 27)
p
0.80± 0.02 (0.74—0.85) <0.01
0.79± 0.02 (0.74—0.85) <0.01
0.79± 0.02 (0.74—0.85) <0.01
p
Without OSAS
1 <0.05
5 <0.01
2 —
— —
30% <0.05
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Table 3 IMT in patients with OSAS in relation to apnea severity.
Apnea severity Mild AHI episodes/h 5—15 Moderate AHI episodes/h 16—30 Severe AHI episodes/h 30
IMT (mm) left CCA 0.98± 0.08 (0.85—1.09) 1.01± 0.01 (0.90—1.10) 1.04± 0.04 (0.93—1.13)
Right CCA 0.95± 0.11 (0.82—1.05) 0.98± 0.03 (0.88—1.07) 1.03± 0.04 (0.92—1.10)*
Both CCA 0.97± 0.10 (0.83—1.07) 1.00± 0.02 (0.89—1.08) 1.04± 0.04 (0.93—1.12)*
[
[
[
[
[
[
[* p < 0 = 05 — signiﬁcant differences between groups.
OSAS [11,15]. In those patients high serum levels of cat-
echolamines, high oxidative stress [7,14], high levels of
serum inﬂammatory markers such as C-reactive protein and
cytokines [11], high platelet aggregation and plasma ﬁbrino-
gen [7] were established. Compared to the controls, patients
with OSAS had higher frequency of atherosclerotic plaques
and high grade stenosis. This fact should be examined in a
bigger group of patients in a future study.
As a conclusion, in OSAS patients a signiﬁcant thickening
of IMT of the common carotid artery was observed, which
correlated to the level of the night hypoxemia. That sup-
ports the thesis of the role of obstructive sleep apnea as an
independent risk factor for CVD.
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